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assay methods and materials 

P esent invention relates to assay methods and materials for det „■ 
members 0 f ae Mom matenals for detecting 

sample from a cel, on, tore. ^ as a 



Taxonomically. die lack of cell walls has been used m s 

10 from Other bacteria in a , d Sepame ^oliicutes 

oacterra m a class named Moiling ■ 

members of this class ^ ^ (Razm e ' ^98). The 

316 Sumrcian sed in the following table 1. 

Table 1: Ma/or Characteristics t\- 

— i qAimnmv /it i^i 



Clas^tiicafLon 

~Ord<r 1: Mycepfasmaioles ~ 

I Family I; ftiycoplajinntacttie 
Genus- lx flfyc&pliisma 
Oenoi U: (JreApIaftoa 
Order IT: EniopUtsirtamles 
Family h Entoptasjrmtac&se 
Cenkis f; EtUwnoj^asfna 
I Gto. s if: Mesop iasng 

fz SpiropJrr t* fa 

Oncfer HI: AcJu»£cpLisin stales 

Family j; Achoieplasmaiaccat 
Genus: Acfirfeplasma 

Order IV* Ana&rop lu&sri atales 
| F *^y- Awexopiastoot aceac 

CemisI; Amtervpiasma 
Genus ft A^craplastna 
Undefined (1999) 

Pkytoplqsma 



a —u„ omy of tbe Class Mollwutes . 

P^ c — 

Species J Size (lc b ) genome J 



102 f 580-Uso 
6 7C0-UTO 



> 750-1,140 

12 *70-1,100 

33 780-2,220 



13 1,500-1,650 



23-40 Humana, an imals 

27-30 Humans, a hi mala 



27-351 Insects, plants 

. 27-30 Insects, plains 

a< ~ 31 Insects, plants 



26-36 Animals, 



1,500-1,(50 j jMd 

^ C0 . 4 0 

640-1,185 n-o 



some plft hfs 



Bcvjne/frvinc rathpn 
| Boviiu^oviu* hnmeu 

Insects* plants 
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* “ nteXt ° f 46 1 " , - t *• ^ “myeopW is intended 

X7T- ^ ° f ^ Cte ««*»-. »otju«t Mycoplasmal. 

^ ** — * « - - - - 



10 



15 



ZTT T' 1 " “ “ -i— . — * 

^ ^ “ fcOPO,1S “ d Ttay am the smallest and simples! 

S °a ° te h They la£k 3 nSW 0411 Wa " and m toca » a ble of peptidDglycan 

“ “ al0gUeS - W developed by degenerate evolodon 

^ui gmm-positive bacteria with a low molecmrn percentage guanine and 

rr C ° nte “ ° f ° NA ^ ^ » *»««« and 

two a« ta species. lie MoUicutes have lost, daring the process of 

evolution, a substantial pari of their genetic information. I, is this 1Mted 

coding capacity tba, has dictated the need for a parasidc way of life Most 

species are facultative anaerobes, but some are obligate, and hence the 

Sinn unties in then- metabolism to anaerobic bacteria. 

More than 180 Mollicute species have been identified of which 20 distinct' 
=0 Mycoplasma and Acholeplasma species font tinman, bovine and swine 
have been isolated from cel! culture. Them are si* species that account for 
95% of all mycoplasma infections; these am U. orale, M. arginii, M. 
fenacmaas, M. salivas, M. hyorhinis and X laidla^i The major cause 
of infection is cross contamination from other cell lines introduced into 
laboratories. Also an unwarned source of exogenous mycoplasma can be 
tmd in tissue culture reagents, such as serum products. Mycoplasma, “ 
Utihke bacterial, contamination rarely produces turbid growth or obvious 
ceil damage. Viable mycoplasma can be recovered from work surfaces 
seven days after inoculation, and mycoplasma can also pass through 
30_ bactena-retaiumg filters. At their maximum population phase there can be 
as many as 10 mycoplasma/ml of supernatant, at a ratio of 5:1 with (he 



25 
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host cells. If present, mycoplasma -grow- to detectable 
culture medium they are then , 7 ^erarattotts in the 

' 7 m tbea !dso adsorbed onto the cell surface n i . 

moot point as to whether r™,™ i ^ race - Jt 1S a 

cells in culture. p aama enter and stnvivc nothin mammalian 

Mycoplasma are capable of altering almost every property of an ■ • 

culture. They will deplete culture nutrients lunar,; 7 

eukaryotic cells eahihi, v Infte, ed 

moZlogy Celt ”7 *"* -d 

P £y - Certam biological properties have been ; „ 

virulence determinants- these incl„fi implicated as 

^plasmal enzymes such as nhn h T* 011 " ° f 

proteases and , Phospholipases, ATPases. hemolysins 

proteases and nucleases into the host cell milieu. 



15 



20 



25 



Previous attempts have been made to use th* k- u > 
mycoplasma to distinguish them fr t, *° C e ™° al pr 0 P erties of 

«* originauydusfncus^te n^.T 

cholesterol Him compounds; wbile mycoplasma lac^ “ 

-rrrrrr t ~ - 
— so far 316 ■*- ° f 
„ dependence for growth was used tn 

dofierentiate Mollicutes h-nm nrtaca - 0363 to 

rncutes mom other microorganisms. However, this has been 
shown not to be exclusive as iajw- er, tnts has been 

rr* r ^ 2oo2) ’ md 

1“ ,s - — - - — - - 



A major problem with mycoplasma is tw *. - 

covert, and unlike bacterial deteetton, can not bT ^ 

resistance to antibioHcs and hr - b V VISUafised - Their 

. 30 Steriiisation filter means that they LT ”7 ^ ^ 

'culture technique As a result of ,h ' FIK3Uti0ns of cel1 

reSU “ ot the n ^ve impact of having flrese 
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4 

contaminations going undetected, it has become evident to continuous 
screemng 15 essential for any cell culture laboratory. 



There are a number of studies to have shown to at leas. 10 %. 15 % of 

cells in culture may be contaminated with mycoplasma. (Rottem and Batile 

1993, McGarrity and Kotani 1985). Most cell biologists recognise the need 

to perfonn routine testing for mycoplasma, however due to the cost and 

inaccuracies of the currently available testa, this has so far remained an 
unrealised ideal. 



10 



The only aocnrate method available for tire demotion of viable mycoplasma 
IS culture of the micro-organisms. However, the difficuity associated with 
then- m virio cultnre has probed problematic due to the complex media 
required for their cultivation (Razin et u/ 1998). Culture has also been 
considered to be the most sensitive method, as it is said to be able to detect 
a single viable otgamsm. However, the results take two to three weeks by 
highly skilled staff with very specific culture requirements. The time taken 
is a result of tile need to culture the cells to a sufficient number whereby 
they fom, colonies, which can then be distinguished using a Dienes stain. 

20 Mycoplasma can be cultured on agar and in broth culture, wifli most 
mycoplasma producing microscopic colonies with a characteristic 'hied 
egg- appearance, growing embedded in die agar, although some colonies 
may not grow completely embedded. There are some strains to cannot be 
readily grown usu* standard agar or btoth culture media. These strains 

25 require cell- assisted culture for their isolation and identification. The latter 

approach aids in the identification and detection of mycoplasma species to 
adsorb to host cell surfaces (Rottem and Barile 1993). However, due to the 
complicated nature of the culturing procedures, these tests are most 
commonly done by mycoplasma testing service laboratories. 

30 
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Zl Smpler meanS ° fdaectins in «*>- is the assay 

* ofrDNA using a common|y ^ 

uumne-2-phenyhndole dihydrochioride (DAPI). but Hoecsht stsioing’is 
considered to be the method of choice. Ceil culture samples are taken, feed 
and stamed with H oechst 33258 (bisbenzamide) and examined under UV 
epifluorescence (Badaglia et al 1994, Raab 1999). If there are mycoplasma 
associated with the ce..s, then the ce U uuc.ei wi,, appear surrounded by 
fluorescing straps in the cytoplasm. Negative cells are represented by 
just fte nuclear staining of the cellular DMA. Accurate interpretation of 
resu om DMA staining requites an experienced eye, it also needs 
specialist equipment i.e. a fluorescence microscope. 

Mycoplasma detection by PCR is a commonly used teat by external service 
a oratories, and ut also pcrfotmed in those laboratories that have the 
appropriate equipment lbs primers used in mycoplssma PCR kits anneal 
to conserved regions of tire mycoplasma genome, allowing the detection of 
species (Raab 1999). Most commercially available PCR kits requite 
that the amplified products he analysed by agarose gel electrophoresis, with 
“ suiting banding patterns determining the contaminating species 

0 present. However visualisation of banding patterns is subjective. 

The Mycoplasma PCR ELISA from Roche (Raab 1999) relies on a different 
system, and cannot distinguish between species. This kit includes 
digoxigenin-dUTP, and the PCR product is captured onto the surface of 

“ “ 3 miCTOti,re pla,C ««* anti-digoxigenin-peroxidase 

conjugate. The coloured product with tetramcthylbetmdine (TMBV is 
visuahsed using a standard ELISA plate reader. 



15 



L.fe Technologies has developed the MYCOTECT™ Kit, based on the 
30 activity of adenosine phosphorylase, which is found only in email amounts 
(tf at all) m mammalian cells (Verhoef « al 1 983). This enzyme converts 
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6-methyipunne deoxiriboside (S-MPDR) into two toxic products (S- 
ntethylpunne and 6-meihylpurine riboside). The assay rectos addition of 
the contaminated ce„ Hue to ah indicator ceil Hue grown in a 24 well tissue 
culture plate. The 6-MPDR substiate is added and after 3-4 days of 
additional growth, a ctystel violet stein is added to test for viability of the 
in cator cells, in that mycoplasma positivity results in production of these 

rzr Awiough * ^ bsM *** * »»«*«». 0 e U 

,000 target cell, ,f the medium conditions are adjusted to favour the 
growth of mycoplasma (Whitaker et ai 1987), the main disadvantage of this 
system is that it is labour intensive and time consuming. 



possible to detect mycoplasma antigens using immunoassays 
employing antibodies raised against mycoplasma antigens. For example, the 
tection of M. pneumoniae in clinical samples (Daxboeck et al 2003) Use 
is of different antibodies allows for species identification. There area number 
of commercially available kits, for example IDEXX laboratories (US), 
supply enzyme linked immunosorbent assays (ELISA) for the detection of a 
number of mycoplasma that have implications in animal health. 

20 Most of the known assays take a minimum of 24 hours to complete, need 
expensive equipment and a significant amount of expertise. Also, they are 

stram-specific assays. None am generic, that is, have the ability to detect 
mycoplasma species in general. 



25 



30 



UK patent No. 2 357 336 B describes an assay which can be used to detect 
mycoplasmas in cell cnltures. The assay is based on the observation that 
mycoplasmas over-produce the enzyme ATPase in large amounts. The 
ATPase activity of mycoplasmas converts sufficient cellular or externally 
added ATP to ADP, to make the ADP detectable. Hence, the assay is based 
on detection of ADP and this is .carried cm by adding to the sample m 
enzyme containing reagent (containing a combination of pyruvate kinaae 



@012 




jC 0665 86 17- Apr- 03 1 1 : 11 




17/04 2000 09:54 FAX 01159522201 



ERIC POTTER CLARKSON 



@013 



and phoapliSSlf^vate; adenylate kinase; glycero , 



combiBI5on^r^rea{ive kinase and 



myokinase; or 



creative phosphate), which 



converts 



10 



the ADP to ATP and detecting ATP ltuimr „ i,- , 

S AF Usm S a bioluminescent reaction. 

The disclosure of UK patent No • 

fnr tho „ N°. 2.357^36 Bincmponted herein, including 

for the purpose of possible amendment S 

The presen, invention seeks to provide further means for detector 
naycoplasmas m samples, such as samples from cell cultures. ^ 

Accortos to a to, aspect to invention provides a method of detecting to 
presence of mycoplasma in a test sample comprising 



(0 

M (ii) 



providing a test sample; and 

detecting and/or measuring to activity of acetate ktose and/or 

Cremate lonase in to tes, sampte, said aefivity being indicative of 
mycoplasma contamination. 



20 



Preferably, the method further comprises the steps of: 



25 



(,ii> activity information 

detectedand/ormeasured in a corresponding control sample- 

comptog to activity detected antor measured in to « sample 
ith that m the control sample; and 

““ teSI SamP ' e “ C ° DteliMted -d, mycoplasma if to 
tototo I ^ «» 

that of the control sample 



Civ) 



Cv) 



Ip a second aspect to invention provides a method of detector to 
30 presence of mycoplasma in a test sample comprising: - 



! 0 066 5 86 jjl Ap r ;^03 1 ; 1 ; 1 1 [ 
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(a) providing a test sample; and 

(b) detecting and/or measuring the appearance and/or disappearance of 
one or more of the substrates and/or one or more of the products of 
die following reactions in the test sample: 

5 

(Ri) acetyl phosphate + ADP ^ vgtMC tonase ^ acetyl phosphate + ATP 

(i?n) carbamoyl phosphate + ADP + AT p + carbonate 

10 Advantageously, the method further comprises the steps of: 

(c) obtaining detection and/or measurement information from a 
corresponding control sample; 

(d) comparing the information from steps (b) and (c); and 

15 (e) identifying the test sample as contaminated with mycoplasma if the 

detection and/or measurement information is different between the 
test and control samples. 



Preferably . the detecting and/or measuring step comprises detecting and/or 
20 measuring ATP. Still more preferably, the ATP is detected and/or 
measured by a light-emitting reaction, especially a bioluminescent reaction. 

Light-emitting systems have been known and isolated from many 
luminescent organisms, including certain bacteria, protozoa, coelenterates, 
25 molluscs, fish, millipedes, flies, fungi, worms, crustaceans, and beetles, 
particularly the fireflies of the genera Photinus, Phot ur is, and Luciola and 
click beetles of genus pyrophorus. In many of these org anis ms, 

enzymatically catalyzed oxidoreductions take place in which the free energy 

- change is utilised to excite a molecule to a high energy state. Then, when 
30 the excited molecule spontaneously returns to the ground state, visible light - 
is emitted. This emitted light is called “biolu min esceoce”. 
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Beetle lueiferases, particularly feat font the firefly species, P kotims 
pyralis, have served as paradigms for understanding of bioluminescence 
““ the earliest studies. The P.pyralb luciferase is an enzyme which 
appears to have no prosthetic groups or tightly bound metal ions and has 
550 ammo acids and a molecular weight of about SO.OOO daltons- the 
enzyme has been available to the art in crystalline form for many ylars. 
Studies of the molecular components in the mechanism of firefly lueiferases , 
m producing bioluminescence have shown that the substrate of the enzymes 
is firefly luctfenn, a polyheterocyolic organic acid, D-(-)-2-(S ’-hydroxy-2 - - 

benzothiazolyI)4 2 -thiazolinc-4-carboxyHc acid (herein-after referred" to as 

Juciferin 53 , unless otherwise indicated). 



ATP can be detected using the following bioluminescent reaction 

15 



ATP + Luciferin + 0 2 



Luciferase 

M , + * Oxyiuciferin +AMP + pp, + C0 2 + light 

* (emission at 555 m,) 



20 



The emitted light intensity is linearly related to the ATT 
is measured using a lumuiometer. 



concentration and 



25 



Luciferase has been used as a means of assaying minute concentrations of 
TP; as little as 10' ,fi molar ATP can be detected with high quality 
preparations of the enzyme. The lucifcrase-luciferin reaction is highly 
specific for ATP. For example, deoxy-ATP produces less than 2% of the 

ganerated by A1T - triphosphates produce less 

than 0 . 1 %. 



30 



Crystalline lueiferases can be isolated directly from the light organs of 

coles. cDNAS encoding lueiferases of several beetle species (including 
among others, the luciferase of P.pyraH, (firefly), four IueiferaM ’ 
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isozymes of P.plagiophthalamus (clic k beet le),, the luciferase. of L.cruciata 
(firefly) and the luciferase of L. lateralis ) (de Wet et al., 1987, Masuda et 
al, 1989, Wood et al., 1989, European Patent Application Publication 
No. 0 353 464) are available. Further, the cDNAs encoding luciferases of 
any other beetle species, which make luciferases, are readily obtainable by 
the skilled using known techniques (de Wet et al., 1986, Wood et al., 19S9). 
With the cDNA encoding a beetle luciferase in hand, it is entirely 
straightforward to prepare large amounts of the luciferase in highly pure 
form by isolation from bacteria (e.g. E.coti), yeast, mammalian cells in 
culture, or the like, which have been transformed to express the cDNA. 



Further, the availability of cDNAs encoding beetle luciferases and the 
ability to rapidly screen for cDNAs that encode enzymes which catalyze the 
luciferase-luciferin reaction (see de Wet et al., 1986, supra, and Wood et al., 

15 supra) also allow the skilled person to prepare, and obtain in large amounts 
in pure form, mutant luciferases that retain activity in catalyzing production 
of bioluminescence through the luciferase-luciferin reaction. Such a mutant 
luciferase will have an amino acid sequence that differs from the sequence 
of a naturally occurring beetle luciferase at one or more positions (White et 
20 al., 1996, WO 01/31028 and WO 00/24878). In the present disclosure, the 
term luciferase comprehends not only the luciferases that occur naturally 
m beetles but also the mutants, which retain activity in providing 
bioluminescence by catalyzing the luciferase-luciferin reaction, of such 
naturally occurring luciferases. 

25 

It is most preferred that in the method of the invention, between step (i) and 
(h) an d/or (a) and (b), the sample is treated so a$ to lyse any mycoplasma 
and thereby release their cellular contents into the sample. Skilled persons ' 
will understand that lysis can be effected by a variety of methods including 
_30 application of chemicals, such as detergents and mechanical methods such 
as sonication etc. 
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Advantageously, the lysis is effected by treating .the sample with a 
detergent, or other lysis method, which allows for the lysis of the 
Mycoplasma cell membrane but which does not affect the cell wall of any 
5 bacteria which may be present Exemplary detergent treatment includes the 
use of low concentrations (eg. 0.25% v/v) of a detergent, such as Triton 



The preferred lysis method is one that is sufficient to lyse the mycoplasmal 

10 membrane, but would be ineffective against bacteria! cells. In studies 

comparing eukarytic cell lysis and bacterial lysis, it has been observed that 

non-tonic detergents (mainly polyethoxyethera) could be used to lyse 

somaric cells without affecting microbial ceils. (Schramm and Weyeus-van 

Witzenberg 1989, Stanley 1989). ft is the presence of the rigid cell wall to, 

■5 makes bactena less sensttlvc to detergent lysis, and more rigorous lysis 

procedures are required to lyse bacterial cells. For efficient lysis and total 

protein release, bactena often require exposure to enzymes such aS 

lysozyme to breach to cell wall (Pellegrini er al 1992). The most preferred 

detergent mycoplasma lysis conditions are shown hereinafter 
D 

However, a contamination with bacteria will produce tiubid growth, and 

bactena are also visible wheat viewing a cell culture under phase contrast 

microscopy, mese bacterial cultures can be detected quite easily and 
discarded straight away. 

Unlike bacteria, mycoplasma will pass through a 0.45uM filter used for 

filter sterilisation (Baseman and Tully 1997), and it is possible to 

. distinguish between a bacterial and mycoplasmal contamination thtough the 
addition of a filtration step. 



;00665S6 17- Apr- 03 -11:11 | 




-2003 -09 :-55-FAX- 01159522201- ERI.C. .POTTER _CLAKKS0N ® 

12 

Hence, in preferred embodiments of the inventipn.the.test sample is passed 
through a bacterial filter in step (i) and (a). Of course, skilled persons will 
appreciate that if the test sample is treated to remove bacteria, for example 
by passing it through a bacteria-retaining filter, it is not important to lyse 
5 mycoplasma selectively, Le. without lysing bacteria. 

In a preferred embodiment, ABP is added to the test sample prior to the 

detecting and/or measuring step (ii) or (b). However, the assay can also 
utilise endogenous ADP. 

10 

In a preferred embodiment, a mycoplasma substrate reagent is added to the 
test sample pnor to the detecting and/or measuring step (ii) or (b), the 
mycoplasma substrate reagent comprising: acetyl phosphate or a preemsor 
thereof and/or carbamoyl phosphate or a precursor thereof. 

15 

By “a precursor thereof’ we include one or more compounds from which. 

acetyl phosphate and/or carbamoyl phosphate can be generated. Exemplary 
reactions are outlined below: 



20 (i) 

(h) 



acetyl -CoA acetyl phosphate 

eitrulline + ammonia transferee „ , _ 

— ► carbamoyl phosphate + 

ornithine 



Hence, instead of adding acetyl phosphate to the mycoplasma subtle 
25 reagent, one could include a precursor, such as acetyl-CoA. 

Similarly, instead of carbamoyl phosphate one could add a precursor, such 
as eitrulline and ammonia to the mycoplasma substrate reagent. 

30 It is most preferred that bolt acetyl phosphate and carbamoyl phosphate 
and/or precursors thereof are added to the sample prior to step (ii), or (b), 
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^ methods of the invention TTiic ui 

mvention. This enables^ .a, geneiic^assay-fer- 

mycoplasma contamination to be carried out because mycoplasmas utilise 

etther or both subsWes by means of ftdr acefcte krnase and/or cartamate 
kinase enzymes. 



10 



15 



Altemanvely, a more specific assay can be produced by only using one of 
e a ove substrates or precursors thereof. Such an assay will be specific 
for nrycopiasma which only use one of the enzymes acemte Idnase or 
amate kmase. The following tabie 2 cites some examples of the 
mem ers of the Mollicutes fiunily (parasitise mammalian hosts) that utilise 
acetate kmase preferentially, carbamate Idnase preferentiaUy, or both In 
ackhtton to arose listed below there are a number of reptile, insect and piant 
ectmg mycoplasmas where biochemical investigations have identified the 
use of these same pathways (Kirchoff e, cl 1997, Forsyth « o, 1996, Taylor 
ei al 1996 and Tally et al 1994). 
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,^’1^„ ATP * e “ erati0D ^ ,MyCOP ' aSma **>““ «■ arsine 

”~! J-r T * r-^-w- T. * 

Engymeg Utjjjggd 



! Species 



M Aj'orAfaiy 



~Citucosc fermentafo^d A rginl^^T 
Arginine lysis 




Acetate kmaje/Cmbainate kinase 



— ■ 

AJaidlawii 



U.urealyticum 



\~M.nzycoides~ 



M, arthritirfis 



Anaeroplasma sp 



^1. ho minis 



Arginine lysis 
Glucose ienuec ting 
Glucose fermenting 



Carbamate kinase 
Caibamaic ldna^e /Acetate 

Carbamate kinase 



Arginine Iysrs and glucose fenaertfr.Hr™ 



Glucose fermeiiting 
Arginine lysis 



Carbamate 
Acetate kinase 
Acetate kinase 
Carbamate kinase /Acetate lrin^T 




Arginine lysis 



sUvituli 



M. ~iagOgenitalhm 

M. my co ides 



Af . pen e Crons 



M.pinan 



MincognUis 



Arginine lysis 
Glucose fermenting 
Glucose fermenting 



Acetate kinase 



Carbamate kinase 
Carbamate kinase 



Glucose fermenting 

tawwi*. » I * ,, 



Carbamate kinase 
Acetate kinase 
Acetate kinase 



~Argininc lygfe and glucose fcnnfatatiT^T 

Armine lys is arid glucose fennen^T 

A Tfrinm^ 1 — * ■ - "“ ' 11 



- — ” i-u. ut vi n 

^grnrnc lysis and ghicole fermentation ~ 



Acetate kinase 
Carbamate kinase/Acetate irir y i ^ 

A'. 7_ . — ~ _ — 



Carbamate Janaae/Acctaic Idnas® 
Carbamate kina? e/Ace late ki n=>c 7~ 

■wr!r bly ’ 311 ° f th ' meth0dS ° f *“ aSpCCtS of invention, the 
coirespondmg eontroi sample” is the tes, sample prior to a mycoplasma 

rrrr “t “ ° f * . «*. . ^ 

ent^Jj." 0 " ~ d ' 30 “>• to* Preferred 
, “““ ° f we ““"*y mca sureme n ts are carried out cn the a™ 

ttSt SamPle ' A fUSt aCtiVi,y mKlsure ““t (A) is taken either 

mvcZr C<mC “ Tent W,th * lysis step ^ ^ 

mycoplasma substrate and/or a time interval fe. *. more «, 

30 minutes), a second activity measurement (B) is taken. If 

^ ^ ^ ” ******* 25 con ^mated with 






15 
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Skilled persons will appreciate that the “corres 

could also be a predetermined negative control 
preferred. 



loading control samp le” „ 
sample, but this is less 



to 



15 



In an embodiment, toe control sample has been shown to be free from 
mycoplasma contamination. Suitable methods for doing this include PCR 
testing, DNA fluorescent staining or culture methods as described herein 
Thus, in one embodiment, by “comespondmg control sample” we mean a 
sample winch contains substantially the same material as that contained in 
the test sample, but which, unlike toe test sample, has been shown to be flee 
from mycoplasma contamination. Skilled pcmons will appreciate that a 
mycoplasma uncontaminated condition can be shown by a variety of known 
methods. A number of suitable methods are reviewed by Rottcm and Barile 
1993, while an outline of testing Juts and services is given in Raab « a, 



20 



The test sample can be a cell sample, such as a cell culture sample 

especially a culture of mammalian cells. Some examples are listed in the 
following table 3. 
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Table 3: Commonly cultured eeU lipes that have been tested using the 
assay method. 



10 



15 



20 



25 



Ceil Name 


Cell tvpp 


K562 


Human Chronic Myelogenous Leukaemia 


U937 


Human Histiocytic Lymphoma 


HL-60 


Human Promyelocyte 


Cem-7 


Human Acute T-Lymphoblastic Leukaemia 


Jurkat 


Human T-Ccll Lcukacniia 


CHO 


Cbirlcse Hamsicr Ovary 


COS-7 


Simian Kidney Cells, SV40 transformed 


Vero 


African Green Monkey Kidney Cells 


MR.C5 


Human Foetal Lung 


HUVEC 


Human Umbilical Vein Endothelial Cells 


BSMC 


Human Bronciul Smooth Muscle Cells 


IvKEK 


Normal Human Epidermal Keratmocyres 


MCF-7 


Human Breast Adenocarcinoma 


AoSMC 


Aortic Smooth Muscle Cells 


A549 


Human Lung Carcinoma Cells 


HepG2 


Human Hepatocyte Carcinoma 


FM3A 


Mouse Mammary Carcinoma 


PC12 


Kat Adrenal Pheochromocytonia 


ARPE-19 


Human Retinal Pigment Epithelial Cells 


RT112 


Human Bladder Carcinoma 



Where ECACC represents the European Collecxion of Animal 

American Tissue Culture Collection, and Comb rex represents 
UK. 



Supp)ler/T>pp^git'NJii m h. T . r 
ECACC 89121407 
ECACC 87 01 OS 02 
ECACC 88112501 
ATCC CCL-119 
ECACC 88042803 
ECACC 85050302 
ECACC 87021302 
ECACC 84] 13001 
ECACC S4101801 
ECACC 89110702 
Cambrec CC-2576 
Cambrcx CC-2503 
ECACC 86012803 
Catnbrex CC-2S71 
ECACC 86012804 
ECACC 85011430 
ECACC 87100804 
ECACC 88022401 
ATCC CRL-2302 
ECACC 85061106 

Cell Culture, ATCC represents the 

Cambrex Bio Science Wokingham, 



36 Also, it would be possible to test xuammaliaa primary cell types, plus all 
those cells held by tissue banks, for example the ATCC and ECACC. 

It is notable that the assays of the invention can be utilised to detect, 
mycoplasma contamination in cultures of both adherent cells (e.g. HepG2, 
35 A549, CHO and COS cells) and cells which culture in suspension (eg 5 

Jurkats, U937, K562 and HL-60 Cells.) 
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Preferably the sample to be tested is from the cell culture supernatant which 
has previously been centrifuged to remove cellular material. However, it is 
also possible to perform the assay in the presence of cells or cellular debris. 

5 

Cell-free samples can also be tested using the methods of the invention. For 
example, the methods of the invention are particularly useful for testing 
samples of cell-free reagents, such as tissue culture media, and typically 
those containing animal-derived materials, such as serum (e.g. foetal calf 
io serum), trypsin, and other culture supplements, etc. Examples of some 

commonly used media and supplements that may be tested in this manner 
are shown in table 4. 



Table 4. Tissue culture media and supplements that may be tested 
15 using the assay system. 



j Culture Media 


Sera 


Growth Factors 


Other Tissue Culture 








Reagents 


lu Mi 


Foetal Calf 


Epidermal growth factor 


Trypsin 




Newborn Calf 


Transforming growth 
factor 


Insulin 


-b&gie s M£M 


Horse 


Graiaulocyie-colony 

Sliroulatiiig factor 


Transferrin 


Glasgow MEM 

Wa-m’c 1?1 O 


Human 


UTaxuilocyte^iiiaci^phsge 

CSF 


Collage^ 


nam 5 r Iz 

TV / nR/" 


Porcine 


Nerve growth feeler 


Fibronectin 




Chicken 




Vitronectin 


Medium 199 


Rabbit 




Amino acid supplenmts 


McCoy s 5 A 

TT — \ M- " 


Sheep 




Gelatin 


tiyonaoma 

r* , Lm _ _ — ■ 






Albumins 


h-au media 




- 


Pancratia 


Embryo Culture Media 






Bovine pituitary extract ' 


Williams Medium E 




— 


- 



@023 
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A third aspect of the invention provides a method of detecting the presence 
of mycoplasma in a test sample, comprising the following steps;- 



5 (i) providing a test sample; 

(xi) without adding an exogenous reagent (e.g. substrates for kinase 
activity) to convert ADP to ATP, detecting or measuring ATP in the 
test sample using a bioluminescent reaction to obtain an ATP and/ or 
light output measurement (A); 

io (iii) obtaining an ATP and/or light output measurement (B) from a 
corresponding control sample; 

(iv) comparing the ATP and/or light output measurement ratio -§• ; anri 

(v) identifying the test sample as contaminated with mycoplasma in the 
event that the ratio -4 is greater than one. 

15 

As mentioned in connection with the earlier aspects of the invention, it is 
most preferred that Mycoplasma lysis treatment and/or addition of 
mycoplasma substrate and/or a time interval occurs before step (ii). 



20 As mentioned in connection with the earlier aspects of the invention, it is 
most preferred that the “corresponding control sample” is the test sample 
except that it has not been subjected to Mycoplasma lysis trea tme nt and/or 
addition of mycoplasma substrate and/or left for a time interval (e.g. more 
than approximately 30 minutes). 

25 

In other words, both measurements are taken from the test sample. Thus, in 
a preferred embodiment, the control ATP and/ot light output measurement 
is taken following addition to the sample of the mycoplasma detection 
reagent containing the detergent and Hciferase/luciferin plus AMP, and the 
30 test ATP and/or light output measurement is taken following addition of 
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substrates for kinase activity (or precursors thereof). 

A fourth aspect of the invention provides an in vitro process for treating a 
cell culture to remove mycoplasma contamination comprising:- treating a 
5 mycoplasma contaminated cell culture with an agent to remove or destroy 
mycoplasma; and subsequently testing a sample from the culture for 
mycoplasma contamination using a method of the invention; if necessary, 
repeating the process one or more times until mycoplasma contamination is 
not detected in the sample. 

LO 

Most routine antibiotics used in cell culture are ineffective against 
mycoplasma. There are some agents that show inhibitory activity, these 
include gentamicin sulfate, kanamycin sulfate and tylosin tartrate 
(wv,^ .unc.e du/dei7ts/tcf/mvcoolasina.htTn i There are a number of 
is commercial treatment products, including Mycoplasma Removal Agent 
(ICN-Flow), a derivative of the quinolone family of antibiotics, also a non- 
antibiotic treatment from Minerva Biolabs (Berlin, Germany), Mynox®. 
The US company Invivogen supply Plasmocin™, which has two 
bactericidal components, one that acts on protein synthesis and the other 
20 that inhibits DNA replication. The antibiotics tetracycline arid ciprofloxacin 
are reported to have success rates of less than 80-85% 
(www.uneed u/depts /tcf/mvcopLasina.htm\ It is therefore extremely 
difficult to completely ixradicate mycoplasma from cultures, once a 
contamination has taken hold. 

25 

Most of the effective antibiotics are quinolone "derivatives, and the 
effectiveness of different antibiotics varies according to the mycoplasma 
species being tested. Duffy et al 2000, investigated M.pneumoniae, 
M.kominis, M.fertnentans, M.genitalium and U.urealyticum viability against 
30 the quinolone gemifloxacin, and compared with a number of antibiotics 
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“* ,e,raCyCli ” e - other quinolones. The results 

' owed variable responses between species, however gemifloxacin 

P ormed better than tetracycline. There are some species that show 
resistance to tetracyclines, due to acquisition of the tetM gene. This is a 
Sequent occurrence, and is complicated by variations in the responses of 
TT, dependent upon die souree of mycoplasma. For example, . 
mycoplasma exposed to antibiotics in eukaryotic cell cultrne have different 
Piffles from tiae same species isolated from a human or animal source 
aylor.Robmsou and Bebear 1997). While the reported success of anti- 
m^op, asma treatments appears highly variable, a receni study by Uphoff* 

! ^ ^ 96% 0f oeu Hues were rendered 

free of mycoplasma with at least one of the treatments tested. 

.s ^ ° f «» 

eference to the accompanying figures in which:- 



Figure 1: The kinetics of ATP &eneratirtr , fu 

to eneration in the presence of M.hyorh 

contamination. 



■inis 



F«ure 2: A Comparison between the PCR Id, from Stratagene and a 
preferred embodiment of the invention ratios. 

figure 3: Treatment of contaminated cell lines with „ 

a u lmes Wlth Mycoplasma Removal 

gent according to a preferred embodiment of the invention. 



25 



Figure 4: Ratio data with cells, supernatants and supernatants filtered 
oug a 0.45pm (FI), 0.22pm (F2) and 0.1pm (F3) filters. 

Figure 5: Effect of supernatant dilution. 



30 



©026 
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Figure 6: M. fermenlans a. 7900 CFUs/well, tested against the different 
substrates. 



Figure 7: M. orale stock at 1450 CFUs/well, tested against the different 
5 substrates. 



Figure 8: Dilution ofxhtM.orale stock to show sensitivity of the assay. 
Figure 9: M. hyorhinis, comparison of different substrate reagents 

10 

Figure 10: The effect of Triton-XlOO concentrations on the detection of 

mycoplasma enzyme activities in K562 cells infected with M. hyorhinis 
(MH) fm.6.M,orale (MO). 

15 Figure 11: Shows the effect of increasing Triton-XlOO concentrations on 
K562 calls contaminated with Mtahmis (MH) compared to increasing 
numbers (1-10.000 cells/ JOOp] sample) of bacterial cells fF.cnl il 

Example 1: Assay method of the invention 

o 

The principle of the preferred assay method is to supply the appropriate 
substrates for mycoplasmal enzymes. If mycoplasma contamination is 
present, there is a conversion of ADP to ATP which can then be measnred, 
preferably by the hiciferase-luciferm reaction. 

5 

Mycoplasma Demotion Reagent is added and, after approximately . 
5mmutes, an initial light output reading (A) is taken, the Mycoplasma 
Substrate (MS) is added and any enzymatic activity is allowed to progress 
for approximately 10 minutes, at which point a second light reading (B) is 
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If theie is mycoplasmal contamination then the second r«„r m, 

2 r when ™ to - - — s r; 

tie ratio ^mZT " * ^coplaama), men 

*- ^ Z°ZZTZ° IT ' tot 3,61 WsceM%ht 

«. ttme - Figm-e I demonstrates the ^ 

the reaction. Typically, the ratio a ^ with m , ^ S ° f 

„ . ° J 86611 w ith mycoplasma contamination is 

much greater than 1, feresample Pignre 1 slwws aratio of „ 4 . 

rZ^<^r7m ! ^ T iaV=MOn °°“ PriSeS 8 Detection 

MdTL^S y ;° P aSma ^ Brffer <**> for reconstitution of 
e Mycoplasma Substrate (MS). MDR and MS are nrefi^M 
provided as lyophilised preparations. Preferably 

All mycoplasma generate ATP through either ihe . , 

the carbamate ldnnse pathway The Mvnonl T P,UhWay " 

contains substrates for oneTbo^Z S “ * ~ 

or Dotti ot those enzymatic reactions a no • 
requirement for wi, a cyoDS - ADP is a 

Mycoplasma DetectionZZntZflre SUPPli<!d “ “ ““ 

ATP foimation. " Venh0 ' 1 “ «" - «—ta of 

The MDR is added to a camoie c ■, 

"12 * — ceiiuitr 

^t sZptirr ™ “* prcsen “ ° foens ' Ajten,a|i ' r eiy or ^z^yZ 

sample can be passed thmugh a bacterial filter. 

z r“r for ^ — - 

Phosphate ^or-ac^ phZt:^^^ "f** 
detection of die carbamate and/or acetate lonase activities. ’ ” f ” 



15 
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A preferred sample volume is lOOpl to which 100pl of reconstituted MDR 
is added. After approximately 5 minutes the first luminometrio reading (A) 
is taken, this gives the base reading upon which the further ratio 
calculations are determined. 

5 

The assay methods of the invention have been used to investigate 
contamination by Acholeplasma laidhwii, M. hyorhinis. M. fermentans, M. 

orale, and M. genitalium and to detect a number of unknown mycoplasma 
contaminations. 

10 

The inventors have compared their date to detection of mycoplasma by 
PCR, and have shown that there is a correlation between ratios greater than 
one and detection of mycoplasmal DNA. This is shown in Figure 2 where 
the positive PCR bands on the gel correlate with ratios of more fiian one. 

15 

Example 2; use 0 f the methods of the invention in a process for 
removing mycoplasma contamination from a cell culture. 



The inventors have also shown that we can detect a reduction in ratios -*• as 
20 cells are treated with an exemplary Mycoplasma Removal Agent (ICN- 
Flow), a derivative of the quinoloue family of antibiotics. 



25 



30 



The manufacturers (ICN-Flow) recommend treatment for 7 days of cells in 
quarantine to ensure complete removal of contaminating mycoplasma. 
However, the ratio data obtained using the assay methods of the invention 
showed that 7 days was not sufficient. This was'evident from the fact that 
the ratios remained greater than one. Also after removal of treatment, and 
continued culture the ratios increased, and the cultures were again positive 
after PCR testing (Stratagene kit). These data are shown in Figure 3, where 
three different cell lines were found to trecoMaminated with M.hyorhmis. 
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While the K562 and U937 cells are suspension cell lines, the AJ49 cells ere 
an adherent cell type; these data therefore confirms that the assay can he 
used on both adherent and suspension cell types. This is also shown in 

Figure 2 where the CHO and COS-7 cells are adherent cell types commonly 
5 used m cell culture laboratories. 



10 



15 



Figure 3 also shows that the treatment with MRA for 10 days wi th COS-7 

and CHO cell cultures was sufficient to remove the contaminating 
mycoplasma. 

Example 3: Failure of bacterial filters to exclude mycoplasma 

The inventors have also shown that culture supernatants put through a 
number of bacterial relarding filters continued to show positive ratios which 

15 mdl0MiVe ° f pr ' sence ° f mycoplasma. This is shown in Figure 



IS 

4. 



Mycoplasma can form colonies as large as 600pm in diameter, but can also 

exist in their life cycle as single cells as small as 0.15pm. Due to their 

20 small size mycoplasma can pass through the 0.45pm and 0.22pm filters 

commonly used to “sterilise" tissue culture reagents. Figure 4 also confirms 

that the assay can be performed in the presence of cells, but that them i s a 

reduced sensitivity of detection. Hence, it is preferred that the assay 

methods of the invention are performed on samples which are substantially 

25 cell fbee. This can easily be achieved by centrifugation of cell cultures and 

sampling of the supernatant and, optionally, filtration through a bacterial 
filter. 
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Example 4; Sensitivity of preferred assays 

As shown in Figures 5 and 8, dilution of the supernatants shows the 
sensitivity of the assays, in that a 1:1000 dilution of con taminated culture 
5 supernatant can still give ratios greater than 1. Dependent on the specific 
activity of the acetate kinase and carbamate enzymes in Hiff^nt 
mycoplasma (Mollicutes) species, it is possible to dilute samples out 
further. The dilution range will also vary according to the number of colony 
forming units in the test sample, 
io 

Example 5: variations of the assay methods of the invention 

The assay methods of the invention will work without the external 
exogenous addition of carbamate and acetate kinase substrates in the form 
15 of ADP, carbamoyl phosphate and acetyl phosphate or precursors thereof. 
In a contaminated culture sample the acetyl and carbamoyl phosphates or 
precursors thereof will be present endogenously together with sufficient 
cellular ADP, derived from the cell culture, to prime the reaction towards 
the formation of ATP. Alternatively, ADP can he generated by other 

20 externally added or cellular enzymes i.e. adenylate kinase utilising ATP and 
AMP. 

It is possible to avoid direct addition of these substrates and have the system 
generate them itself. The use of acetate and ammonia along with ATP will 
25 cause the acetate kinase and carbamate kinase enzymes to generate acetyl 
phosphate and carbamoyl phosphate that can then be used by the same 
enzymes to generate ATP from ADP: 
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Acetate + ATP <■ *** **** 

> Acetyl phosphate ■ 



s\Ur 



Ammonia + ATP + carbonate <- wba * a ** bu » _ 



— • > 



Carbamoyl phosphate + ADP 



The two substrates could also be generated fmm ‘v, 

earlier parte of the glucose f P^ursors” by utilising 

io example by the addi^T ^ “* ** *• 

^asll ™ 71 C0A ^ “ ** “““ * - * 

pPosphatemsp™ ^ - -barney, 



15 aceryi-CoA ^ 



ttztyl phosphate 



citrulline + ammonia 



2D 



25 



30 



„> carbamoyl phosphate + ornithine 

The foUowin « fi^es show the differences between the b- k • 
activities atM.fermemans, which generates ATP f ^ 

F r 6 ^ - — - — «. 

individually, and then in a combined reagent. P ^ 

While M.fermentans utilises both pathways Ml ,. 

oartamate kinase pathway, and as shown in Figm* 7^ 

only observed in the single carbamat * P VS ratlDS 

Figure 8 * , * Wte reagent or the combined reagent 

We 8 shows die detection limits are as low as 14 rPTT/ „ • . g 

ow as 14 CFU/well with M.orah, 

The inventors have investigated * m , 

the acetate kinase oath ®- pteferenhally utilises 

Figure 9. " ^ “*"*«*■ ** *» * shown m ‘ 



©032 
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— The inventors have tested over 15 different cell lines (see table 3) and 
shown that none of the cells have sufficient background enzymatic activity 
to impact upon the ratios and give false positives. The inventors, without 
5 wishing to be bound by theory, think the reason for this is that the pathways 
are anaerobic, and all mammalian cell cultures will generate ATP through 
oxidative phosphorylation. Hence, by using only carbamoyl phosphate or a 
precursor thereof or only acetyl phosphate or a precursor thereof, one can 
produce an assay method of the invention which will allow one to determine 
la whether the mycoplasmal contaminants in question are from a group which 
uses the acetate kinase pathway, the carbamate kinase pathway, or both. 
This may have useful diagnostic applications. 

The only bacteria that have acetate kinase activitjl am not those that are 
15 commonly found as contaminants of cell cutouts, with the possible 
exception of certain Rcoli species that are haindled in laboratories, 
principally for molecular biology purposes. Howejer, activity with this 
organism, is only seen at very high inoculum concentrations where there is 
turbid growth and the resulting turbidity of the sample is readily observed 
20 by eye. Hence, the methods of the invention can b'e varied to include an 
initial screening step for bacterial contamination, if riecessary. This can be 
achieved by a variety of methods, but is preferably Carried out by passing 
the sample through a standard bacterial filter (Baseman and Tally, 1997). 

25 Example 6 : Preferred Reagent Components for use in the mycoplasma 
assay methods and kits of the invention ' 

1. Mycoplasma Detection Reagent (MDR) per 100ml ! 

'0 • Magnesium acetate 2I4.5mg (10mM) i 

• Inorganic pyrophosphate 178.4pg(4pM) j 
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• Bovine serum albumin 1 6 Drug (0. 1 6%) 



* D'Luciferin 

* L-Luciferin 

* Luciferase (RY) 

* ADP 

* AMP 



10mg(360pM) 
250|iig (8.9pM) 
85^g 

250.5pg (5pM) 
69.44mg (2mM) 



*RY is the name given to the recombinant lucifemse supplied by Lucigen. 

A mixture of D and L-Luciferin has been found to give a more stable light 
output than D-luciferia alone. ° 



2. Mycoplasma Substrate (MS) per 1 00ml 



♦ Acetyl phosphate 55.23mg (3mM) 

• Carbamoyl phosphate 45.87mg (3mM) 



Mycoplasma Substrate (Ms) Precursors 



Examples of reactions generating acetyl or carbamoyl phosphate: 



i. 



acetyl- Co A + inorganic phosphate 



phosphotransace xylase 



acetyl phosphate 
+ Co A 



Preferred concentration ranges: 
acetyl-CoA 
Inorganic phosphate 
(e.g. potassium phosphate) 



O.lmM to lOOmM 
O.lmMto lOOxnM 



“■ + — bichrbo 

+ ornithine 



Preferred concentration ranges; 
citrulline 

ammonium bicarbonate 



ImMtolOOmM - 
ImM to 200mM 



@ 034 
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iii. (sodium or potassium) acetate + ATP 



acetate, kinase 

► acetyl phosphate + 



ADP 



Preferred coocentrati on ranges; 

acetete (e.g. sodium or potassium] 



ImM to 500ruM 
O.lmMtolOOmM 



io 



IS 



iv. ATP + ammonium bicarbonate 



carbamate kinase 

— ► carbamoyl phosphate 
+ ADP 



Preferred concentration ranges: 
ammonium bicarbonate 
ATP 



ImM to 200mM 
0. ImM to lOOmM 



Suppliers 

20 

Sigma-Aldrich Company Ltd. 

Fancy Road 

Poole 

Dorset 

25 BH12 4QH 

United Kingdom 



3. Mycoplasma Assay Buffer (MAB) per 100ml 

30 



• HEPES 

* EDTA 

• Triton X- 100 

* pH 7.50 



1-I9l5g (50mM) 
74.44mg (2mM) 
250pl (0.25%) 
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Preferred concentration ranges of Components for nso In the 
Mycoplasma assay methods and kits of (he invention 

Preferred concentration. ranges include 

' ADP IpM to lOOmM, preferably 1 to lOOpM, more preferably 5pM. 

• AMP IpM to lOOmM, preferably O.lmM to lOmM, more preferably 
2mM. 

• Acetyl phosphate IpM to lOOmM, preferably O.lmM to 20mM, 

more preferably 3mM. Concentrations above 10 reduce the light 
output, but the assay still performs. 

Carbamoyl phosphate IpM to lOOmM, preferably O.lmM to 20mM, 
more preferably 3mM. 



is Example 7: Effects of Detergents on Mycoplasma Assay 

Disruption of the viable mycoplasma cell membrane to allow for the release 
of the enzymes into the sample ia a preferred embodiment of the assay 
method of the invention. This allows for binding of the substrates and 

to generation of AIP. However, positive ratios indicating mycoplasma 

contanunauon can be obtained in the absence of any lysis treatment The 
implication is that these enzymes can be released by viable mycoplasma 

The other possibility is that some non-viable organisms have released their 
contents through natural lysis. 

25 

The addition of even low concentrations of the non-ionic detergent Triton- 
X100, greatly increases the sensitivity of the assay by ensuring maximal 
release of the carbamate and acetate kinases into the sample. 

30 The aim of the following experiments was to determine the concentrations 
of Tnton-XlOO in the Hepes-EDTA buffer on the ratios seen with 



0C66586: 17-Apr-03 .■ -T1 i ll:. ! 




ERIC POTTER CLARKSON 



@037 



17/04 2003 10:01 FAX 01159522201 




31 



mycoplasma contaminated K562 ceU enures. _Two organisms were 
investigated, M, hyorh inis and M. or ale. 



Figure 10 shows that it is possible to detect mycoplasmal enzymes in the 
5 absence of a detergent lysis step. It also shows a drop in the light output 
with concentrations greater than 4-5%, this is due to adverse effects of the 
detergent on the luciferase enzyme/reaction. However, it is still possible to 
detect positive activity with concentrations as high as 20% (v/v). 

lo The inventors have also shown that the concentrations of Triton-XlOO used 
in the above experiments did not result in any detectable carbamate or 
acetate Jrinase activity from the E.coli strain JM109 cells. 



The above results confirm, that there are no positive ratios with, the bacterial 
13 cell number used. Increasing the Triton-XlOO concentration to levels that 

have been reported to lyse bacterial cells (1-2%), still did not result in 
positive ratios above 1. 

Generally biological detergents are commonly used to disrupt the bipolar 
20 membranes of lipids in order to release and then solubilise membrane bound 
proteins. Non-ionic detergents are non-denaturing and permit the 
solubilization of membranes without interfering with biological activity. 
They have principally been used for the study of protein conformations and 
for the separation of hydrophilic proteins from membrane spanning 
25 hydrophobic proteins. Anionic and cationic detergents result in greater 
modification of protein structure and are more effective at disrupting protein 
aggregation. Zwitterionic detergents are also low-denaturing, but are 
effective at disruption of protein aggregates. 

30 These different groups of detergents-bave been studied with a number of 
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different ceils types to efficiently lyse 3 and release and preserve the protein 
content, of both, eukaryotic and prokaryotic organisms. 

For the preferred Assays of the invention the required lysis agent is one that 
5 causes disruption of the mycoplasmal membrane and allows release of the 
metabolic enzymes that are required to react with the substrates. As there is 
no detergent removal or neutralisation step, it is therefore important that the 
chosen system does not interfere with the activity of the carbamate and/or 
acetate kinase, or the luciferase/lnciferin/ATP reaction. It is also preferable 
to to use a system that selectively causes the lysis of mycoplasma, with little or 

no effect on bacteria that may be potential contaminates of the cell 
cultures/samples. 

The presence of a filtration step through 0.45pm filters, however, should 
15 remove any contaminating larger micro-organisms. 

The key difference between bacteria and mycoplasma is the lack of cell 
wall, and it is the bacterial cell wall that makes bacteria more difficult to 
lyse. There are a number of fairly brutal methods that can bring about total 
20 lysis, these include pressure (French Press) and sonication. Other enzyme 
digest methods include lysozyme followed by the addition of detergents. 
However, mycoplasma can be lysed with concentrations of Triton X-100 at 

arnimd 1_O0/ 
uxvuim A A. /a. 

25 Low concentrations of other non-ionic detergents, such as Brij®35 (0.4%) 
(Sigma- Aldrich Company Ltd.) and B-PER (1%) (Perbio Science UK Ltd), 

d ° n0t have adver3a effects on luciferase enzyme, and axe capable of 
disrupting the mycoplasmal membrane, without adversely affecting the 
luciferase reaction. The concentrations of these detergents can be taken up 
30 to 10% without loss of sensitivity of mycoplasmal detection. 
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Contaminating mycoplasma can be detected in the absence of a lysis step to 

disrupt the mycoplasmal membrane. However, addition of a gentle lysis 

step (0.25% Triton X-100 in Hepes-EDTA buffer) incases the sensitivity 

of die assay by releasing the mycoplasmal enzymes of interest into the 
reaction nibcture. 



The lysis step would preferably cause selective lysis of mycoplasma, while 
having little or no effect on bacterial cells. Low eoncentrations of most oon- 
1° ionic detergents should do this. However, a filtration step would physically 
remove any contaminating bacteria, and allow for tile use of any deter»ent 

but preferably tiiose that do not inhibit either tire luctferase reaction or the 
activity of carbamate kinase and acetate 



is Example 8; preferred kit contents 
LT07-11S (Sufficient for 10 tests) 

1. LT27-217 Mycoplasma Detection Reagent Lyophilised. 2 x 600 pi 

vials. 

2. LT27-218 Mycoplasma Assay Buffer. 1 x 10 ml bottle. 

3. LT27-221 Mycoplasma Substrate. Lyophilised. 2 x 600 nl vials. 

LT07-218 (Sufficient for 25 tests) 

? 

1. LT27-2 17 Mycoplasma Detection Reagent. Lyophilised. 5x600ul 

vials. 

2. LT27-21 8 Mycoplasma Assay Buffer. 1 x 10 ml bottle. 

3. LT27-221 Mycoplasma Substrate. Lyophilised. 5 x 600 pi vials. 
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JjT07-318 (Sufficient for 100 tests) 



L LT27 “ 216 Mycoplasma Detectioa Reagent Lyophilised. I x 10ml 

vial. 

2. LT27-220 Mycoplasma Assay Buffer. 1 x 20 ml bottle. 

3. LT27-224 Mycoplasma Substrate. Lyophilised. I x 10 ml vial. 

Preferred reagent compositions for kits and methods of the invention 



L Mycoplasma Detection Reagent (MDR) per 100ml 



Magnesium acetate 1 
Inorganic pyrophosphate 3 
Bovine serum alb umin 1 
D-Luciferin 2 
L-Luciferin 2 
Luciferase (RY) 3 
ADP 1 
AMP* 



214.5mg (10mM) 
178 ,4ug (4pM) 
160mg (0.16%) 

I0mg (360pM) 
250pg (8.9pM) 
85pg 

250. 5pg (5pM) 
69.44mg (2mM) 



2. Mycoplasma Substrate (MS) per 1 00ml 

• Acetyl phosphate 3 55.23mg (3mM) 

* Carbamoyl phosphate 1 45.87mg (3mM) 



3. Mycoplasma Assay Buffer (MAE) per 100ml 



• HEPES 1 

• EDTA 3 

• Triton X-l 00 1 

• pH 7.50 



1.1915g (50mM) 
74.44mg (2mM) 
250pl (0.25%) 



Preferred concentration ranges: 

* ADP lp.M to lOOmM 

•- AMP lpM to lOOmM- - 

■ Acetyl phosphate 1 pM to 1 OOmM, preferably, raM to 1 OtnM 



® 040 
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Carbamoyl phosphate IpMto I OOmM 






Suppliers 

5 

1 . 

Sigma- Aldrich Company Ltd. 
Fancy Road 
Poole 
10 Dorset 
BH12 4QH 
United Kingdom 

15 

2 . 

Resem B V 

Goudenregenstraat 84 
NU-4131 BE Vanen 
20 Netherlands 



3. 

25 Lncigen Ltd 

Porton Down Science Park 
Port on, Salisbury 
Wiltshire SP4 0JO 
U.K. 



35 



The preferred embodiment of the /nwfwi+;r,n ■ , 

res, tw selective biochemical 

„ UK a ° tmt 5' of -*» m ycoplasmaI enzyn.es. The 

P^ee of these enzyn.es pro-rides a rapid screening procedure, ailowing 

™ ““ 0f “““I mycoplasma in . tet S9mpIe ^ 
0 mycoplasma are lysed and the enzymes react with the Mycoptema 
Substrate catalysing die conversation of ADP to ATP. 



«. 1Z77I T ml ofATP " a sanple ^ before (A > ^ 

adihon _of dte Mycoplasma Substram, a ratio * can be obtained which is 
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.Jf Jfese cnzytnes r arfe. 



indicative of the presence or absence of mycoplasma 

I' “ ^ "“ d ^ *"» “ J— . over the first (A), whiie 
reach on of mycoplasma, echoes with their specific 5ubstates in the 

inlrp H T <natCR ^ gent ’ ** ,0 This increase 

our e elected using tbs fcllowmg biolumincscent reaction. 



ATP + Luciferin 4- On — 



Lucifemse 



10 



— ► OsyJuciferin + ADP +PP, + CO 2 4- light 

(emission at 565m n) 



15 



20 



25 



The emitted light intensity is linearly related to 
is measured using a luminometer. The 



ambient room 
activity. 



the ATP concentration and 
assay is preferably conducted at 



temperatnre (18-22-Q, fire optime, rernperemre for Hrcrfiemse 



Simple test protocol of the invention 
Add detection reagent (MDR) to sample 

I 

Wait (e.g T 5 mins) 

. .1 

Measure luminescence (Reading A) 
Add mycoplasma substrate (MS) to sample 
Wait (e.g. 10 mins) 

Measure luminescence (Reading B) 



If iis greater than one = mycoplasma contaminated sample. 
If f is one or less = mycoplasma free sample. 
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Outline of the method 



10 



IS 



I. i. preferred that the culture supernatant be ceased * remove cells 
-1 optionally, passed through a bacterial filter prior .o performing tbe 

The left contains all the required reagents to perform the assay. 
lOOpl of culture supernatant is takenas the sample. 

Add Mycoplasma detection reagent (MDR) 

Wait 5 minutes 
Read luminescence (A) 

Add MycopJasnxa Substrate (MS) 

Wait 10 minutes. 

Read luminescence (B). 



Reagent reconstitution 



and storage 



20 



25 



sure that you fellow fee correct reagent reconstitution applicable to fee 
relevant kit {10, 25 or loo assay points). 

ms procedure usually requires at least 15 minufes equation fene. 

ycoplastna Detection Reagent (MDR) and Mycoplasma Substrate 

“ ,y °“ - ™tu,ed 

use'fe feeTsZ^ ““ 1 ' ,0 *"*“ ^ “* 

For 10 tests (KIT LT07-1 18): 



1- Preparation of Mycoplasma Detection Reagent 
Add 600pi of Mycoplasma Assay Buffer into * • 7 

" ^°P*rrli3ed Mycoplasma Detection Reagent^ ™' ^ 

Replace the cap and mix gently. 
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Allow the reagent to equilibrate for 15 mi 



minutes 



2 - Reparation of Mycoplasma Substrate 

600pl of Mycoplasma Assay Buffer into a vial 
5 lyophihsed Mycoplasma Substrate. 

Replace the cap and mix gently. 



containing the 



Ailcw the reagent equilibrate for 15 Sautes at room temperature. 



3 - Mycoplasma Assay Buffer 

10 This is preferably provided ready for use. Store 

For 25 tests (KIT LT07-2 18) 



at 2-8 C when not in use. 



1 . 



Preparation of Mycoplasma Detection Reagent 

15 ** 6 °° M ° f Assay Buffer into a vial 

lyophilised Mycoplasma Detection Reagent. 

Replace the cap and mix gerxtly. 



containing xhe 



Allow the reagent to equilibrate for ,5 minutes at room temperate. 



20 2 ' Preparation of Mycoplasma Substrate 

Add 600pl of Mycoplasma Assay Buffer 
lyophilised Mycoplasma Substrate. 

Replace the cap and mix gently. 



into a vial containing the 



25 



Allow the reagent to e,uihb rat e fi* , 5 ^ „ room 



3 - Mycoplasma Assay Buffer 

This is preferably provided ready for use. Store 



at 2-8 when not in use. 



30 



For 1 00 tests (KIT LT07-3 18) 

1- Preparation ofMycoplasma Detection Reagent 



® 044 
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Add 10ml Of Mycoplasma Assay Buffer into a vial containing fte 
lyophilised Mycoplasma Detection Reagent. 

Replace the cap and mix gently. 

Allow the reagent , 0 equilibrate for 15 minutes at room temperatum. 

Preparation of Mycoplasma Substrate 

Add 600 pi of Mycopiasma Assay Buffer into a vial containing the 
lyophihsed Mycoplasma Substrate. 

Replace the cap and mix gently. 

.0 Allow the reagent to equilibrate for 1 5 minutes at room temperature. 

3- Mycoplasma Assay Buffer 

This is preferably Drovi/M r^rt,, „ v . 

' ‘ XVi Ui,c * at z-8 when not in use. 

15 Equipment 



1- Instrumentation 

The kit requires the use of a luminometer. The parameters of the 
ntmnometer should be assessed and the conditions 
20 the correct programming of the machine. 



below used to produce 



please see 



25 



The inferred assay of the invention has been designed for use wi* 

cuvetta'tube iuminometeis. For use with plate luminometem 
below. 



Cuvette/tube luminometers: 
Read time 1 second (integrated). 



2 * Additional equipment and consumables 
30 a. 1 0 ml sterile pipettes 

b. Luminometer cuvettes 



@045 
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C. 

d 



Micrgpipettes - 50-200pl; 200-1000 ptl 
Bench centrifuge. 



Preferred test protocol 



Please note samples of 4= culture medium shouId ta ^ ^ ^ 
turther processing steps, e.g. trypsinisatjon. 



1 . 

10 2 , 



3. 

15 4. 



20 



25 9 . 



10 . 



Bring all reagents up to room temperature before use. 

Reconstitute the Mycoplasma Detection Reagent and Mycoplasma 
Substrate in Mycoplasma Assay Buffer. Leave for 15 minutes at 
room temperature to ensure complete rehydmtion. 

Transfer 2 ml nf' £^11 ri 1 r . i* 

U1 CLaiure supernatant into a centrifuge 

tube and pellet any cells at 1500 .pm (200 a g) for 5 nHonw 

Transfer lOOpl of cleared supernatant into a luminometer 
cuvette/tube. 

Program the luminometer to take a 1 second integrated reading (this 
is usually the default setting on most cuvette luminometers). 

Add 100m of Mycoplasma Detection Reagent to each sample and 
wait 5 minutes* 

Place cuvette in luminometer and initiate the programme 
(Reading A). 

Add looui of Mycoplasma Substrate to each sample and wait 
10 minutes. 

Place cuvette in luminometer and initiate +>,*. 

acLDi ana inmate the programme 

(Reading B). 

Calculate ration - Reading B/Reading A. 



30 
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15 



Interpretation of results 

The ratio of Reading B to Reading A is used to dateline whether a cell 
culture is contaminated by mycoplasma. 

The speed and convenience offered bv the i-it c a- 

. uerea °y toe ^ ts according to the invention 

tita, ,t provides a uni q ue method for screening cultures for tire 
presence o mycoplasma. As such it is ideaUy suited to routine testing of 

:l; ^ F “ qUent ~ of »e invention will 

:“r “* b “° ffira “ ^ action 

. . ' teSt mettxods °f *he invention can also be extended to 

onnng cell hues and the commonly used constituents of complete media. 

Tim interpretation of tire different ratios obtained, within each CKperimenta! 

on, may va^ according to the cell types' and conditions used 
However, tire test gives ratios offers than , with uninfected cultures 

r.rr **“ “* — » —v — — 
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Table a. Interpretation of assay results’ jn,« tt .„ K 

bealtby and Infected cell lines. ^ esnmp.es of 




Protocol for plate tuminometers 



10 

3 . 

15 4 . 

5 . 

6 . 

20 7 . 



Brins aU reagents up to room temperature before use 

u T Pla5 “ a “» Mycoplasma 

otZ ' ^ ^ 15 -1 at 

r °otn temperature to ensure complete rehydration. 

“ 2 T ° f ““ ° f - «*« supernatant into a 

minuZ PClIet ^ CCUS M 1S00lpm < 200 * «> for 5 

“ble'pZ. ^ ^ SUPen, “ t ”' fat ° 3 tal “~ 

Program the lurriinometer to take a i , . 

* j j IAA _ to take a 1 second integrated reading 

Place plate in luminometer and initiate 

initiate the programme (ReadingA). 
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8 . 

9. 

10 . 



Add lOOpl of MycopI*™ Substrate to each sample and wait 10 
minutes. 

Place plate in lumfaometer and initiate the programme (Reading B). 
Calculate ratio - Reading B/Reading A. 



o- 1 cam should be tafccn when handling any of dte reagents. Sldn has 

to ^Ttt °“ itS ^ C ° atami ™ te the reagents leading 

to falsely htgh readings. Latex gloves avoid this problem. 

10 b^^ temPCTaft,re f ° r ■” r “ g “ t? " 22 ” C ' « -agents have 

been refrigerated always allow time for them to r^r-h 

08-22*0 before nse. ^ ^ 

The sensitivity of the assay does allow for detect™ of covet, 
contamination, and if the mho is marginally above 1 (for example np ,o 1 3) 

d^mmend.d dim the sample he retested Any cultures mainLedin 

quarantine can be tested after a further 24^1* h™,r ■ 

. . runner hours m culture to see if the 

ratios have increased. 

20 Summary 



25 



30 



ceds UnTL “ VrnU ° n “ bS » «“ presence cr absence of 

ceus. Ub taown mycoplasma detecdoo systems, they .Row for samples 

- be screened rapidly using cheap hand-he.d himinomcter systems, rZan 

conllLtefT^ ^ nUnUteS 10 aU0W f ° r **“ appr ° priate hau<«mg of the 

contaminated samples. 

PCR and DAPI/Hoeohst staining, w m bind to all DNA, be it ta viable or 

" lT d ^ ‘ f IO<>kin8 ‘° ““ ^ ^ “Tcoplasma, 
you could still cud no with nnpw *. 

evenu, V up with false positives when using PCR/DNA staining 
ough mycoplasma have been irradicated. 
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I-te assays can datec, viable mycoplasma whereas known methods SU£h ^ 
PCR cannot distinguish between viable and non-viable mycoplasma. 
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A method of detecting the presence of mycoplasma in a test sample 
* comprising; 

(i) providing a test sample; and 

(ii) detecting and/or measuring the activity (B) of acetate kinase 
and/or carbamate kinase in the test sample, said aedvity being 
indicative of mycoplasma contamination. 

A method according to Claim 1 further comprising: 

(hi) obtaining acemte kinase and/or carbamate kinase activity 

information (A) deteoed and/or measured in a corresponding 
control sample; 

(iv) comparing the activity detected and/or measured in the ms, 
sample (B) with that in the control sample (A); and 
(V) identifying the test sample as contaminated with mycoplasma if 
the actmty (B) detected and/or measured in the test sample is 
greater than that of the control sample (A), that is, the ratio a * 
greater than one. 
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A method as claimed in Claim 1 comprising: 



(a) providing a test sample; and 

(b) obtaining activity information by detecting and/or measuring 
the appearance and/or disappearance of one or more of the 
substrates and/or one or more of the products of the following 
reactions in the test s amp le- 



10 (R!) acetyl phosphate + AD P^ cetats acetate + ATP 

(Ri{) carb amoyl phosphate + ADP ammonia + carbonate 



Air. 



15 4 ‘ A method according to Claim 3 further comprising: 

(c) obtaining detection and/or measurement information (A) from a 
corresponding control sample; 

(d) comparing the information (A) and (B) from steps (b) and (c); 

20 tod 

(e) identifying the test sample as contaminated with mycoplasma if 
the detection and/or measurement information is different 
between the test (B) and control (A) samples. 



5. A process according to any one of claims 1 to 4 further comprising 
the step of releasing mycoplasma cellular contents into the culture by 
treatment of the test sample with a mycoplasma lysis agent. 

6. A method as claimed in Claim 5 wherein the lysis agent is a 

30 detergent. 
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7. A method as claimed in Claim 6 wherein the detergent lysis 
treatment is not capable of lysing bacteria] cells. 

8. A method as claimed in any of claims 5 to 7 wherein the 
corresponding control sample is the same as the test sample prior to 
mycoplasma lysis treatment. 

A method as claimed in any of claims 1 to 4 wherein the 
corresponding control sample is the same as the test sample but the 
obtention of detectionAneaaurement for the test sample activity 
information is earned out after a time interval following the 

obtention of detection/measurement information for the control 
sample. 

IS 10. A method as claimed in Claim 9 wherein the time interval is at least 
approximately 30 minutes. 

11. A method according to any of claims 1 to 10 wherein the detecting 
and/or measuring step comprises detecting and/or measuring ATP 

12. A method according to Claim 1 1 wherein the ATP is detected and/or 
measured by a light-emitting reaction. 

13. A method as claimed in Clarm 12 where the light emitting reaction is 
a bioluminescent reaction. 

A method according to any of the preceding claims wherein AX>P is 

added to the test ssmple prior to the detecting and/or measuring step 
(ii) or (b). 



14. 



30 



9. 

10 
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15. A met hod according to any of the preceding claims wherein a 
mycoplasma substrate (MS) reagent is added to the test sample prior 
to the detecting and/or measuring step (ii) or (b), the MS reagent 
comprising; acetyl phosphate or a precursor thereof and/or 

5 carbamoyl phosphate or a precursor thereof. 

16. A method according to Claim 15 wherein the precursor of acetyl 
phosphate is acetyl-CoA. 

10 17. A method according to Claim 15 wherein the precursor of carbamoyl 

phosphate is citrulline and/or ammonia. 

18. A method according to any of Claims 14 to 17 wherein the control 
sampl e is all or an aliquot of the test sample to which a mycoplasma 
15 reageut has not been added. 



19. A method according to any of Claims 1 to 7, or 9 to 17 wherein the 
control sample has been shown to be free from mycoplasma by a 
separate method. 

20 

20. A method according to Claim 19 wherein the control sample Hag 
been shown to be free from mycoplasma by one or more of PCR 
testing, DNA fluorescence staining, or mycoplasma culture method. 

25 21 . A method as claimed in any preceding claim wherein the sample is a 

cell-culture sample. 

22. A method according to Claim 2 1 wherein the cells in the cell-culture 
sample are mam m a l ian cells, preferably adherent cells, such as Vero, 
so MRC5, RUVEC, BSMC, NHEK, MCF-7, AoSMC, AS49, HepG2, 
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HM3A, PC12, AKPE-19, CHO and COS cells, and/or adherent 
primary cells isolated from animal source. 



5 



23. 



A method according to Claim 21 wherein the mammalian cells in the 

cell-culture sample grow in suspension, such as K562, U937, HL-60, 

Cem-7, and Jurfcats plus primary cell, types such as leukaemic blast 
cells. 



24. A method as claimed in any of claim 21 where the cell culture is a 

10 culture of plant cells. 

25. A method according to any of Claims 2 1 to 24 where the cell culture 

sample is a sample which is derived from a cell culture but is itself 
substantially free of cellular material. 

15 

26. A method according to any of Claims 1 to 20 wherein the sample 
consists of a. c^U-free reagent, 

27. A method as claimed in Claim 26 where the cell-free reagent is 



28. A process for treating a cell culture to remove mycoplasma 
contamination comprising:- treating a mycoplasma contaminated cell 
culture with an agent to remove and/or destroy mycoplasma; and 
23 subsequently testing a sample from the culture for mycoplasma 

contamination using a method as claimed in any preceding claim; if 
necessary, repeating the process one or more times until mycoplasma 
contamination is not detected in the sample. 

29. A method of detecting the presence of mycoplasma in a test sample, 
comprising the following steps:- 
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(i) providing a test sample; 

(n) without adding an exogenous pyruvate kinase reagent to 
convert ADP to ATP. detecting and/or measuring ATP in the 
" test sar npl e using a biolumin.es cent reaction to obtain an ATP 

and/or light output measurement (B}; 

(iii) obtaining an ATP and/or light output measurement (A) from a 
corresponding control sample; 

(iv) calculating the ratio i ; and 

to (v) identifying the test sample as contaminated with mycoplasma in 

the event that the ratio is greater than one. 

30. A method as claimed in any preceding claims wherein the method 

includes a step of passing the test sample through a filter which 
15 retains bacterial cells. 

31. Use of acetyl phosphate or a precursor thereof; and/or carbamoyl 
phosphate or a precursor thereof in a method of detecting 
contamination of a sample by mycoplasma. 

o 

32. A kit for use in the detection of mycoplasma contamination which 
comprises the following mycoplasma substrate(s): 

(i) acetyl phosphate or a precursor thereof and/or 
5 Cd) carbamoyl phosphate or a precursor thereof. 

o3. A kit as claimed in Claim 32 further comprising ADP at an amount 

in excess to drive the enzymatic reactions in the direction of ATP 
formation. 



30 
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34. 



A kit as claimed la Claim 32 or 3Murther comprising one or more 
agents for lysing mycoplasma. 



35. A lot as claimed in Claim 34, wherein the agents for lysing 
mycoplasma comprises a detergent. 



36. A kit as claimed in any one of Claims 32 to 35 further comprising 

means for detecting and/or measuring ATP by a light-emitting 
reaction. 

10 

37. A ldt as claimed in Claim 36 wherein said means comprise a 
mycoplasma detection regent (MDR) which includes magnesium 

acetate, inorganic pyrophosphate, bovine serum albumin, lueiferin 
luciferase, ADP and AMP. 

15 

38. A kit as claimed in any one of Claims 37 wherein the reagents are 
provided in a lyophilised condition. 

39. A hit as claimed in any one of Claims 32 to 38 which further 

10 comprises a mycoplasma assay buffer (MAB) in which lyophilised 

reagents can be reconstituted. 



40. 



25 



A ldt as claimed in Claim 39 wherein the buffer maintains a pH of 
approximately. 7.5. 



41. A kit as claimed in Claim 36 or 37 further comprising a 
luminometer, which is preferably a hand-held iuminometer. 

42. A ldt as claimed in any one of claims 32 to 41 further comprising a 

30 bacterial filter. 
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43. A kit for detecting mycoplasma contamination of a test sample 
subs ta nti all y as described herein, preferably with reference to one or 
more of the accompanying examples and/or figur es 



5 44. A method of detecting mycoplasma contamination of a test sample 

substantially as described herein, preferably with reference to one or 
more of the accompanying examples and/or figures. 



45. A method of treating a cell culture to remove mycoplasma 
10 contamination substantially as described herein, preferably with 

reference to one or more of the accompanying examples and/or 
Figures. 
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FIGURE 2 
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Figure 6 
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FIGURE 10 
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